One of the Millennium Development Goals (MDG-4) is to reduce child mortality by up to two-thirds by 2015. In most developing countries, a higher proportion of neonatal deaths are observed. We quantify the causes of neonatal morbidity and mortality at a rural hospital. A retrospective review of consecutive neonatal admissions to Empangeni Hospital, between January and December 2005, was conducted. Of 1,573 admissions, male babies made up 57.8% of admissions and 63% of the deaths. The most common causes of admission were birth asphyxia (38.2%), prematurity (23.5%), and infection (21%). The average length of stay was 9.2 days (SD 12 days). The overall mortality rate was 13.8% but higher (23.4%) among the referred babies. Admission and death rates of low birthweight babies (<2,500g) were 53% and 84%, respectively. Two-thirds (67.7%) of those babies who died were born preterm. Over half (56.6%) of the deaths took place within the first three days of life. Logistic regression showed that extremely low birthweight (OR=13.923, 95% CI:5.759; 33.656), male sex of the babies (OR=1.633, 95% CI:1.132; 2.356), and preterm delivery (OR=2.975, 95% CI: 1.296; 6.836) were significant predictors of neonatal death. A substantial proportion of neonatal mortality occurs in the hospital neonatal unit. Asphyxia, prematurity, low birthweight and neonatal infection are the leading cause of neonatal hospitalisation and deaths. Several simple and effective interventions exist to minimise neonatal admissions and deaths in South Africa.
Introduction
Over nine million children in the world die every year during the perinatal and neonatal periods and nearly all (98%) of these deaths occur in developing countries. Neonatal mortality contributes between 40-70% of infant mortality. 1 Trends in mortality show perinatal and neonatal mortality are declining less rapidly compared to infant and under 5 mortality. 1 In most developing countries, nearly half of perinatal deaths occur during the antepartum or intrapartum period, and the rest during the first week of life. Almost 50% of these deaths are related to severe infection, tetanus and diarrhoea in countries with higher neonatal mortality rates (NMR) (NMR >45). On the other hand, these causes are less common in countries with low NMR levels (NMR <15). 1 Thus, the causes of neonatal deaths are observed to vary across countries and geographical locations. Babies born very preterm (i.e. gestational age <32 weeks) and with very low birthweight (VLBW) (<1,500 g) have mortality rates of over 50% in many low-resource settings and are at a higher risk for long-term disabilities and impairments. [2] [3] [4] One of the Millennium Development Goals (MDG-4) is to reduce the child mortality (under 5 years) rate by two-thirds by the year 2015 from a base line in 1990. The World Health Organization estimates that a significant proportion (40%) of all under 5 deaths occur in the neonatal or perinatal (0 to 28 days of life) periods. 5 The perinatal period is recognised as the most dangerous period of life because of various problems faced by the neonates. 5 Since 2003, it has been recognised that without a substantial reduction in neonatal deaths, MDG-4 will not be met. 1 This has given renewed interest in neonatal care and measuring neonatal health problems and interventions thereof. Morbidity and mortality information from hospitalised patients may reflect the causes of major illnesses and the standard of care being provided.
In South Africa and the KwaZulu-Natal province (KZN), perinatal mortality rates (PNMR) for 2003-2005 were 35 and 41 per 1,000 live births, respectively. 6 The primary causes of neonatal deaths in South Africa are: spontaneous preterm birth (51%), intrapartum asphyxia and birth trauma (23%), foetal abnormality (5.5%), infection (5%), hypertensive disorders (5%) and antipartum haemorrhage (4%). 6, 7 In sub-Saharan Africa the main causes for neonatal deaths are similar but rank differently, namely neonatal infections, preterm delivery and birth asphyxia. 1 Perinatal and neonatal deaths in developing countries are known to occur primarily because of poor maternal health, adverse social conditions, and inadequate care during pregnancy, delivery, and the immediate postpartum period. 1 In South Africa, a national policy of free maternal and child (<6 years) health care at all public health facilities was implemented in 1994 after the political transition (democratisation) of the country to enhance easy access and improve care for pregnant mothers and children. Higher utilisation rates of health services for antenatal care and delivery services have been demonstrated from this rural population but the outcome of such care on perinatal morbidity and mortality is yet to be measured. [8] [9] [10] It is thus important that the causes of perinatal morbidity and mortality are measured and monitored in order to develop strategies to improve perinatal health care at different levels (community and institutions). The objectives of this study were to describe the pattern and causes of neonatal admission, outcome and factors associated with its outcome. 
Materials and methods

Setting and population
Empangeni Hospital is situated in the Uthungulu health district (one of 11 districts) of KZN and serves a population of over 450,000 who are mainly (90%) rural, black and speak isiZulu. It is a maternity and neonatal care hospital with a total of 256 beds that provides obstetric, gynaecological and neonatal services. It acts as a referral centre for 14 rural clinics.
It serves approximately 95% of deliveries in public institutions of the district. Antenatal care and care during delivery are undertaken in the hospital and clinics based on the national protocol and guidelines.
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Study design, sample selection and data collection A retrospective descriptive study was conducted targeting all neonates admitted to Empangeni Hospital neonatal unit during 2005 (JanuaryDecember). Data were collected from the neonatal admission, discharge and death registers, the only sources of official data. After review by the medical and nursing staff involved in neonatal care, the probable primary and final causes of admissions and deaths were identified. The primary causes of admissions and deaths were defined as the underlying obstetric and neonatal factors or conditions, which resulted in the admission or death (why the death occurred, e.g. placental abruption) of the neonate. The final causes highlighted the areas of inadequate neonatal care (e.g. immaturity-related deaths). The listed modifiable (avoidable) factors included missed opportunities for good care and examples of substandard care. These draw attention to areas of maternal and newborn care where improvements are needed.
The register contained each neonate's date of admission and discharge or death, sex, weight at admission or at birth, gestation age at birth, mode of delivery, duration of stay at the hospital, diagnosis and outcomes (cure and discharge or died). Standard definitions of the conditions were used to diagnose the above conditions as stipulated in the national guidelines. 11 The attending nurses and/or medical officers captured this information during admission. All medical and nursing staff working at the neonatal unit were oriented and received in-service training on recording of the neonatal admission, discharge and death registers, clinical guidelines of diagnosis and compilation of weekly and monthly summaries for presentation at weekly perinatal mortality meetings.
Data analysis
Relevant data of the study population were entered into Epi Info 6.04 version and imported to SPSS 12.0.1 for analysis. The analysis of patient demographics and baseline outcome variables (both primary and secondary) were summarised using descriptive summary measures: expressed as mean (standard deviation) or median (range) for continuous variables and percent for categorical variables. All statistical tests were performed using two-sided tests at the 0.05 level of significance. For the regression model, the results were expressed as effect (or odds ratios for binary outcomes), corresponding two-sided 95% confidence intervals and associated p values. P values were reported to three decimal places with values less than 0.001 reported as <0.001.
Prior permission was obtained from the hospital management and the institutional ethics review committee to utilise the neonatal register to conduct the study.
Results
A total of 1,573 neonates were admitted during the study period. Male babies outnumbered females with respect to admissions (57.8%) and deaths (63%). Extremely low birthweight (below 1,000 g) neonates made up 6.1% of admissions. One-third of these neonates weighed 1,000 g-1999 g and were delivered by Caesarean section; 5.4% were born with other forms of assistance such as forceps and vacuum. All other variables related to admission and deaths of the neonates are shown in Table 1 . The most common causes of admission and deaths were neonatal asphyxia (38.2% and 32.9%, respectively), prematurity (23.5%, and 43%) and infection (21% and 9.8%). The primary causes of admissions and deaths are shown in Table 2 . The main causes for referrals from other health centres were pre-maturity (33.6%), infections (23.5%), and birth asphyxia (9.4%). The overall mortality rate was 13.8% but a higher rate of mortality (23.4%) was recorded among the referred neonates. Almost half (45%) of all deaths were found among the VLBW babies (<1,500 g). Two-thirds (67.7%) of those babies who died, were born prematurely (pre-term or <37 weeks of gestational age). Over half (56.6%) of the deaths occurred within the first three days of admission.
Average length of hospital stay was 9. 
Discussion
This study attempts to identify the problems of neonatal health and health care issues at Empangeni Hospital and its referral centres. These findings are not surprising and probably apply to many other underresourced settings and countries, especially in southern Africa and Africa at large. All neonatal admissions were either from in-hospital deliveries or referred from other institutional deliveries. No self-referral was reported (e.g. who delivered at home and brought the baby to the hospital). This statement confirms that virtually all deliveries (over 95%) in the district are conducted at health facilities. 8, 10, 12 The predominance of males for both admissions (58%) and deaths (63%) in our study raises the issues of biological vulnerability of male neonates as it is found universally in other studies. [13] [14] [15] [16] Prematurity and low birthweight continue to be the major public health problems observed in our setting as is the case in many other developing countries. [17] [18] [19] [20] Prematurity and its sequaelae are the main cause for hospital admission (23.5%) and neonatal deaths (43%) in Empangeni Hospital. Considering the gestational age, preterm birth resulted in a higher rate of admission (44%) and deaths (68%). Similarly, low birthweight of the neonates (LBW, <2,500gm) accounted for higher rates of hospitalisation (53%) and deaths (85%). The overall the low birthweight rate at this hospital is recorded at14% and similar rates of low birthweight rates (10-16%) are observed in the region. 21, 22 Almost half of all deaths in this hospital occurred among the VLBW babies (<1,500 g). These findings are similar to other studies in South Africa, Africa and other low resource countries. 1-4,23,-26 All these studies identified that malnutrition, lack of nutritional education and lack of early antenatal care are significant risk factors for low birthweight babies. This is probably true in this study as our pregnant population is poor, often resulting in poor nutritional status, and they book late for antenatal care. 9, 27 A study from India reported that the perinatal mortality rate was 79.0 per 1,000. The highest perinatal death rates were for preterm and low birthweight babies, and they also showed that poor maternal nutritional status, absence of antenatal care, and complications during labour were independently associated with substantially increased risks of neonatal death. 28 A study from Brazil showed that low socio-economic level of mothers, sex of the baby (male) and maternal age above 35 years were risk factors for high perinatal or neonatal mortality. 14 Improving the survival of low birthweight neonates is a particular challenge for us in South Africa, and in other resource poor countries. Even in developed countries, efforts to lower the rate of preterm labour and delivery have not been very successful. From time to time almost every site in South Africa conducting deliveries will be faced with some pregnant women in advanced preterm labour. Therefore, emphasis must be placed on best possible basic care of these small infants. However, the majority of these sites are often operating in a climate of inadequate provision of equipment and well-trained health care workers.
Kangaroo mother care (KMC) provides a cheap and effective answer to many of the problems posed by low birthweight infants. Recent projects in South Africa have shown that KMC can be implemented at all levels of care. 29 However, KMC must be incorporated into a package of good neonatal care and not be viewed as a stand-alone intervention. Exclusive breastfeeding, clear management protocols and referral criteria, and respiratory support with continuous nasal positive airway pressure can be effectively introduced. These interventions can contribute to save infants weighing 1,500 g to 2,500 g.
Though neonatal infection is a leading cause of hospitalisation (21%), the death rate was low (9.8%) but higher than the national rate. 6 The known predisposing factors for neonatal infections are poor obstetric care and un-sterile delivery practices in resource poor settings where most of deliveries are conducted at home and outside health facilities. 1 This is not the case in our situation as most of the deliveries are conducted in the health facilities. 12 Thus, we need to ensure that sterile practices during delivery are ensured optimally in this health facility to reduce neonatal infections.
A higher than expected proportion of neonatal admission (38%) and death (33%) was associated with birth asphyxia in this hospital, suggesting problems and inadequacies in the care of women in labour and resuscitation of newborn infants. Hospitalisation and death rates due to birth asphyxia have been reported as even higher (up to 41%) from 30, 31 Antenatal and intrapartum monitoring of high risk pregnancies, timely referral and resuscitation at the time of birth at all health facilities should be mandatory to reduce the high case fatality and morbidity related to birth asphyxia. There is probably poor insight into the deficiencies in the basic management of newborn infants as well as a lack of knowledge of neonatal resuscitation and care.
Congenital abnormalities were not the major cause of admission (3%) but accounted for a higher rate (9%) of death, i.e. being the third highest cause of neonatal death at this health facility. This is higher than the national rate of 6%. 6 The overall neonatal mortality rate was 13.8% which is consistent with the findings from some developing countries. 13, 21 The neonatal deaths were probably related in many cases to the severity of illness at the time of admission. The most common causes of neonatal morbidity and mortality in our findings are birth asphyxia, prematurity, neonatal infection and congenital abnormality and are consistent with other findings. 1, 6, [13] [14] [15] 22 The high number of neonatal deaths due to prematurity in our study probably draws attention to the high work load in our neonatal unit which, along with fewer trained nursing staff, negates chances for the best possible care required for these premature babies. One-third of the neonates admitted were by Caesarean section. This mode of delivery is for the benefit of mothers (maternal condition) or foetal conditions and was associated with a lower mortality.
Despite a plethora of newly validated interventions, the MDG-4 are unlikely to be achieved. 4 One of the reasons for this is that current safer motherhood and newborn care programmes emphasise interventions that do not reach the poorest households. Community-based interventions have been neglected and undervalued. Achieving the MDG-4 target will clearly require major reductions in neonatal mortality. 5 Maternal conditions contributing towards neonatal admission and mortality, e.g. hypertension, abruptio placentae, vaginal bleeding, diabetes and HIV infections, were not recorded in our study. HIV is known as a major cause of perinatal morbidity and mortality in South Africa. 32 Our data do not include HIV status for mothers or for babies. The lack of knowledge of patients' HIV status in this report should be considered as a limitation. Since KZN is the epicentre of the HIV epidemic, it must have an important effect on maternal health in this cohort. We therefore recommend that HIV information of all pregnant mothers should be recorded in maternity registers in KZN, and South Africa at large. Problems identified and lessons learned should be shared with others as we strive to improve the care of women and children and achieve the MDG-4 of significantly reducing the number of childhood deaths under the age of 5 years in the next decade.
Conclusion
Prematurity, birth asphyxia and neonatal infections were the main causes of neonatal hospital admission and neonatal deaths in our study. The overall mortality rate was high, but higher for the babies referred from peripheral clinics. We found that low birthweight, sex of the baby, and preterm delivery were significant predictors of neonatal death. A significant number of these deaths are avoidable through improved quality of antenatal, intrapartum and postpartum care.
